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ABSTRACT 

The genus Hipparion is represented in the Pliocène of the Western Région, 

Turkey, at Çalta, by fiagrnentary skulls, mandibles, leeth and limb bones. 

Two large spccies are présent; most of the füssils bclong lo â robusi lorm, 

which we consider as a new species: Hipparion heintzi. A few bonc.s bclong to 

a slendcr hipparion, Hipparion cf. hngipes Gromova, I952. Equations to 

predict body wcighl using inetapodial and tooth variables are proposed. 

Esrimations of body weighis based on sections of metapodials (distal 

breadehs multiplied by distal depths) seem less approximative chan those 

bavSed on occlusal tooth surfaces (lengrhs multiplied by breadths). 

RÉSUMÉ 

Le gisement de vertébrés pliocènes de Çalta, Ankara, Turquie. 7. Hipparion. 

Deux espèces de grande taille sont présentes à Çalta. La plupart du materiel 

(restes (.râniens> dentaires cl squclcitiques) c.sr rapporté une nouvelle espèce 

très robuste, H. heintzi, dont an discute les ditTércnce.s avec H. crassum. 

Quelques restes squelettiques appartiennent à //. cf. longipes GtomovA, 1952, 

une espèce extrêmement gracile. Leur coexistence et la prédominance de 

restes robustes sont surprenantes dans un milieu considéré comme steppique. 

On propose de nouvelles équations d’estimation du poids du corps dc.s équi¬ 

dés à partir de dimensions de métapodes et de la Ml supérieure. Les équa¬ 

tions fondées sur le produit d’une largeur distale par un diamètre 

antéro-postérieur distal semblent moins sujettes à caution que les estimations 

fondées sur la surface occlusale d’une dent, surtout pour les hipparions gra¬ 

ciles. 
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INTRODUCriON 

Within ihc updated European Land Mammal 

Zones (MN) of Mein (1990), Çalta is supposcd 

to belong in ihe MNI5 zone. The fauna is rich 

in fossils, poor in species, and points to a stcppic 

environment (Sen 1977). Preliminaiy studios of 

rhc Çalta hipparions hâve noted rhc similarirics 

(but not che identity) nf rhe robust form with 

H. crassnm (Consburg et al. 1974; Sen et al. 

1974) and referred the rests of the slender form 

to H. [ofiffpcs (Heint/ et ai 1975). I^oth H. cnn- 

sum and fl. lonpf>e'i are ponrly knovvn species. 

H. loHgîpes wa.s deseribcd by (îronuiva (1952) 

from Pavlodar, Kazakstan, and is said to bebuig 

in the MN13 zon\?, in a dr)- cnvitonmetu 

(Vangenheim étal. 1993). H. cnnsum was dcscri- 

bed from Perpignan but was also belicvcd to be 

présent at Montpellier (Gervais 1859, lSb9; 

Depcrct 1885, 1890). Accordingly il bclongs in 

the MN15 zone, and possibly also in the MN14 

(Alberdi ik Aymar 1995). The context is humid 

(Agtiilar étal, in pres.s; Aymar 1992). 

Collection.s of Çalta are currenriy housed in rhe 

Laboratoire de Paléontologie, Muséum national 

d'HLsioirc naturelle, France (MNIIN),  and in 

MTA (Genel Müdurlügu Tabiai Tarihi Müzcsi), 

Ankara, "lurkey (Porsren 1997). 

The maicrial wa.s nicasured according to the 

recommendations ol the “New York Interna¬ 

tional Flipparion Conférence” (Eisenmann et al. 

1988) wiih one exception: on the third metapo- 

diais, rhe minimal distal depth (MCJ3 or 

MT13) is measured on rhe médial cnndyle, not 

on the latéral. The reason is that most of oiir 

metapodials were already measured in ibis way 

(Eisenmann 1979) beforc the New York 

Conférence, Since the minimal deptli of the laté¬ 

ral condylc is soincwbat smaller than the médial, 

but not always in the same way. we musc stick to 

the original System il we want to use our data for 

comparisons. Metrical data .tre in tables 1 to 14. 

Scatter diagrams and ratio diagrams (Simpson 

1941) arc used for comparisons. 

Order PERLSSODACTYLA (^wen, 1848 

Family HqL'IDAK Gray, 1821 

Genus Hipparion de Christol, 1832 

Hipparion cf. longipes Gromova, 1952 

DEvSCKIPTION 

We refer to H. cf. longipes one entire MrlII,  a 

proximal fragment of a juvénile Mtlll;  a proxi¬ 

mal fragment of a McllL  one entire and one 

tragnieniâry tlrst phalanges; onc entire second 

phalanx; one entire third phalanx - ail fiom the 

main digit, and probably all posterior; ihree tah 

(Figs 1-3, 15a, B> I(>A; Tables 1-3). fhe entire 

Mtlll  is so long and so slender that it obviousiy 

cannot belong to rhe robust hipparion of Çalta. 

The same is rrue for the entire firsr phalanx of 

lire centra! digit. For other bones rhc différences 

berweeti the two hipparions of Çalta are not as 

big as coLild bc suppo.sed. Indced, the spécifie 

assignment tif some second phalanges is doubt- 

ful: are ACA'83 and ACA-I 13 po.sterior pha- 

lange.s of H. heintzt  ̂or anicrior phalanges of 

H. cf. longipes fiable 14, Fig. I 3F)? 

7 he entire MtlH was dcscribcd in detail 

by Heintz et al. (1975). As can bc seen from 

figure I, the latéral metapodials were situated 

well at che back of the diaphysis. The diaphysis 

and the epiphyses are tleep: the antero-po.scerior 

diameters arc large in comparison with the 

breadtbs (Fig. 2). Similar proportions (big depth 

relarlvely to breadth) characcerizc all the other 

lirnb bones and enable w assign to fl. cf. longipes 

ibree tali vtnd che fragmentary metapodials and 

fii*st  phalanx. 

Althoiigh the material is poor, it gives informa- 

lion about the limb proportions (Fig. 4): compa- 

red TO rhe metatarsal length, the lengrh of rhe 

first phalanx h short. 

COiMPARlSt)K.S 

Metacarsals of about the same size and propor¬ 

tions (Eisenmann Sondaar 1989) were found 

at Pavlodar (//. longipes)., Karahurun, and Layna 

(H. pissitrae). Of similar proportions bue smaller 

size are the MtlU of La Gloria 4 and Kalmakpai 

(Eisenmann ôc Mcin 1996). 

Pavlodar and Kalmakpai arc situated in 

Kazakhstan. Both faunas beat évidence of dry 

conditions and are supposcd to belong in the 

MN13 zone, although Kalmakpai would be drier 

and doser to the Mio-Pliocene boundary 
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Fig. 2. — H. cf. longipês. third metatarsal (ACA-214). proximal 
view. Scale bar. 3 cm. 

(VangcnKeim et ai, 1993). At Pavlodar, Gromova 

(1952) dcscribcd tvvo specie.s of hipparions: the 

larger as H, hnigipes, tlie smaller as H. clegaas. 

Both fnrms are slender-biiilr. Borh bave long 

metapodials and short fîrst plialanges relarive to 

the proximal limb bones (Fig. 4, Table 4). The 

skull of //. elegans bas a preorbital lo.ssa; thcrc is 

no skiiU ol H. longipês. Ciromova iiisisted on ibe 

morpbological rcsemblanccs berween chc rcclb ol^ 

borh spccies, wbich cannot be dilfcrcntiatcd 

otherwi.sc tban by the si/e, whilc //. tongipes 

scems more adapted lo a dry and open environ¬ 

ment rhan H. ekgam [Gromovas argumentation 

(1952 : 275) îs: In IL longipês, rhe metapodials 

are longer than in H. elcgamy chc third metatarsal 

faccts for the cunciforim 1 and II and for ihe 

CLiboidcum are larger, and the irapezoidcum is 

(ac least în somc cases) articulatcd with du- third 

metacarpal;. rherefore the limbs were longer and a 

smaller part of the body weight was boni bv the 

latéral digits; these (and some enher characters) 

indicate a better speaalîzation for running and 

therefore a drier and more sreppic environment 

than for H. elegam]. But Gromova was pu/zlevj 

by the grcac degret' of tlie enamel pllcaiion, sur- 

prising in dry conditions. In short, []. longipcs 

looks like a large 77. elegam, with possihiy more 

weight born by the central digits, and more 

robust first phalanges. Boih specie.s were reçcntly 

reviewed by Forsten (1997). 

Fig 3. — H. cl. longipês, A, third metatarsal (ACA-55), posterior 
view; B. tirst phaianx of the central digil, Karaburun, anterior 
view; C. posterior |?) second phaianx ot the central digit 
{ACA-84) anterior view: D, tirst phaianx ot the central digit 
(ACA-82y. anierior view; E, latus (ACA 92). posterlory view; 
F. third metacarpal (ACA-56). postenor view. Scale bar: 5 cm. 

As can bc seen Irom rhe table 1. the third meta- 

podials of Pavlodar are .slightly smaller than ihosc 

of Çolta; the same is itiic lor the tali (’lable 3). 

The first phalanges of the central digit arc not 
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only shorrer bixt also more robust (Gromova 

1959:236). 

At Kalmakpai, a few reeth were referred to 

H. elegam-, whilc mosc of che material, including 

.skulls without ïossà, was referred to H. hippidw- 

dus by Zhegallo (1978) and lo H. cf. magoicum 

by Forsten (1997). There is some hererogeneity 

among rhe merapodiak, bodi in size and in pro¬ 

portions, and some ol the metapodials seem too 

small to fit with rhe size of rhe skull 

(Eisenmann & Mehi 1996). Forsien also (1997 : 

20) remarked che small si/.e of tlie limb bones uf 

Kalmakafiai, comparative m che large skull. Ail  

the uppei check ceech look alike, however, with 

rather rounded proioconcs and a modciatcly pli- 

cated enamel. The lower cheek reech could be 

easily referred to H, crtmunu airhough, according 

TO Forsten (review of ihe présent paper,)> che pro- 

costylids are better devekxped in H. cf mog(ncum. 

One firsc phalanx of che centrai digît Is as long as 

in H. longipes bur much more slendcr. In short, 

the taxonomy of the hipparion(s) of Kalmakpai 

is not quite clear. 

La Gloria 4 (Spain) Ls aaother localicy where the 

fauna Indicates dry conditions. le is .siruated in 

the middlc of MNl4 zone. The entlre MtJlI is 

like one .specimen of Kalmakpai, but the upper 

check reeth are much smailer and hâve elongated 

prococones (Eisenmann Ôc Mein 1996). The 

material is scarce. 

H. fissume Li\Y\y.\  (Crusafont ôc Sondaar 19'^1) 

is not very well known either. Although logically 

it should he closely relared to the hipparion of l a 

(jloria 4 (which was indeed referred to H. flssii- 

rae by vMberdi & Alcal.i 1992), ihe reseniblances 

are not as marked as could bc cxpcctcd 

(Eisenmann Mein 1996). From wlvat is 

known about rhe limb bones, H, fissnme looks 

rarher like the fl. cf longipes of Çalta, but is 

smailer (Fig. 4). Layna is believed to belong in 

the top of MN15 (Mein 1990), 

Fhe précisé age of the Mclll  collectcd from the 

clitfs of Karaburun (Maccdonia) is not known 

(Sondaar & de Bruijn 1979). Ffom Karaburun, 

there is also a firsr phalanx, prescr\x*d tn the col¬ 

lections of the Laboratoire de Paléontologie, 

MNIIN,  Paris (Fig. 3, Table 2). Borh rhe McIIl  

and the first phalanx are very similar to 

H. cf. longipes of Çalta (Fig. 3, Table 4). 

LIMB  BONES PROPORTIONS 
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Fig. 4, — Ratio diagrams of lengths of : R, radii; T tibiae Mc, 
trurd metacarpalB: Mt. tfiird melatarsals. Phi. first pnalanges. 
The corresponding data are in table 4. Çalta and Karaburun, 
Hipparion cf- longip&s: Pavlodar, H. longipes and H. elegans; 
Layna. H. fissutae 

Conclusion 

Except for their rcmarkable slenderness and 

sometimes large size, ail these Late Turolian or 

Ruscinian hipparions are very poorly known. 

Tiiey ail seem To belong in steppic or desertte 

faunas. but there is no unequivocal évidence ihat 

tlicy were more ‘‘grazers” rhan “browsers”. They 

may bave lacked preorbital ftjssa — if  the 

Kalmakpai .skulls without fossa are indeed asso- 

ciated with the slendcr linib bones. The 

Ht cf longipes of Çalta resemhles mosc closely rhe 

Karaburun hipparion; unfoitunately, rhe précisé 

age of the Utier is not known. 

I HE ROBUST HIPPARION OF ÇALTA 

Descriflion 

Skull 

Alchovigh vve hâve no absohue proof tbac the 

skull fragrnenrs do belong ro the robtist hippa¬ 

rion ol Çalta, liicir  relative abundancc renders 

chis attribution jnost probable, fhere are three 

fragmentary skulls (Table 5). One belongs ro an 

old adiill; it ts restricted to tbe palate,, tlie upper 

check teerh rows and the facial areas. It bas no 

collection number but it is in Ankara; we know 

it only by photographs (Fig. 5). The lengtb of 

the upper cheek teeth am be estimated ai about 

160 mm (Fig. 6). The oihcr two fragments 

belong to foals (ACA-336, dP2-dP4, Ml not 
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Fig. 5. — Fragment of an adult skull without number. Ankara; profile. Scale bar; 5 cm. 

erupted; ACA-337, dP2-Ml, M2 erupting, asso- 

ciated wirh a mandible). The best preserved of 

thcm (ACA-336, Fig. 7) is scnking by chc brcaddi 

and height of ihe face, and by thc concavity 

below rhc broad and bulging nasals. There îs no 

preorbiidl fessa, The orhirs arc placcd very high- 

The overall impression is nor imlike that of a 

camel skull, and suggests an unnsiial develop¬ 

ment of che nasal cavity. Anoiher srriking charne- 

ter is rhe thickness of che post-orbital process 

(about 20 mm), particularly surprising In a juvé¬ 

nile animal. Akhough the young age and the 

State ot préservation do not allow certainty, it 

seems that the narial opening was deep (the pro¬ 

file view i.s slightly rcminisccnc ot /£ derrnatorhi- 

niirn as illustraicd by Sctve 1927, plate I). It 

seems nlso chat thcrc was a concrast between dic 

widch cl the nasal opcnlng and the small distance 

between the prcniaxillaries, like in Prohoscidip- 

parion sinensc (Sefi’e 1927, plates VI, VII).  

Mandible 

There is one complété mandible (ACA-337) 

associated wiih the eldest foal fragmencary skull. 

The definitive II are erupting: they are grooved 

and hâve eups. The ascending ramus is high, and 

nearly at a srraighr angle with the horizontal 

ram us (Fig. 8)^ The horizontal ram us is relaclvely 

high (Table fi).  

Upper cheek teeth 

In addition w rhe adule upper cheek séries at 

Ankara (Fig. fi), there arc two litdc worn adult 

specimens: a left P3 or P4 (ACA-25H: 55 mm 

high, Fig. 9A) and a right MI or M2 (ACA-72: 

51 mm high. Fig. 9B). Both were sectioned at 

mid-height (Fig. lOA and lOB). The protocones 

arc small, rounded on dic vcstibular side but flat- 

tened on ihc lingual one. ’Hie fossettes are plica- 

ted and ihc pli caballins arc multiple. The lacteal 

upper cheek cceth (Fig. 11 A) are large and plica- 

tcd. 

Lower cheek teeth 

There is no adult moderately worn specimen. 

The lacteal teeth are illustrated on figure 1IB. 
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Limb boves 

The material is Jclativcly rich (about seventy spé¬ 

cimens), wiih some asstjclations, and well- 

preserved although some bones are distorted 

(Tables 7 to I4). As a taphonomical curiosity, it 

can bc notcd chat ont ot eight humcri, seven are 

right, and rhai ont of six rali, five are also right. 

The limb bones are big and A'cry robust. The 

occurrence of sevcraJ encirc proximal limb bones 

brings interesting information as lo thc limb pro¬ 

portions (Fig. 12). bct us stress that thc propor¬ 

tions of a single bone (robustness — gracility) 

should not be cünfused with relative limb bonc 

proportirans: thus, rhe firsr phalanges (Fig. 13D, 

E, C) are robust, meaning thar rheir width is 

huge relative ro rheir lengrh; rhey are also long, 

when compared to more proximal limb bones 

(Fig. 12); like thc first phalanges, the meta- 

podials are robust (Fig. 13A, C) but they arc very 

short relative to the radii and thc tibia (Fig. 12). 

Metnpodïuk 

The diaphyses ol thc central metapodials are 

wide and flac, the depeh (ainero-posterior diame- 

Ter) being small relative to lhe breadth. The 

attachment areas of the interosseous ligaments 

uniting the latéral metapodials to thc third meta- 

podial are very wide (Fig. 13A, C). They seem 

situated nuue on rhe latéral side of the central 

mctacarpals ihan in mosr hipparions. In this res¬ 

pect, the hipparion of Çalta resemhles H. cj-as- 

surn from Perpignan. 'The disial .supra-articular 

tuberosities are more developed than in H. cras- 

sum. AU the.se characfers are more pronounced 

on the meiacarpals than on the metatarsals. The 

latéral metacar(>als are especially large and latcrally 

situated, rarher like iii  Anchitherium. On the 

third mctacarpals, the ariicular facets for the 

fourth meracarpal are in continuicy (not divided 

in one antenor and onc posterior facets). So are 

the facets' Jor che fourth carpal (Fig, 14A). Fhe 

facet for thc fourth carpal (hamatum) is nearly in 

rhe same subhonzont.il plane as the facet for thc 

magnum. 1 he angulation between the-hamatum 

facet and the magnum lacet is rallier like in 

Eqtiîis, mucb Icss than in ittosl hipparions. The 

fifth mctacarpals seem to bc hiscd vviih the fourth, 

and can be seen as a distinct luberosity on two 

specimens (ACA-134 and ACA-257) out of four 

(Fig. 14A). AU second metacarpals bear a small 

facet for a rrapczium. 

Fig. 6. — Fragment of an adult skull without collection number, 
Ankara; left cheek teeth row. Scale bar: 5 cm. 
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Fig. 7. — Fragment of a juvénile skull (ACA-336): A, profile; B, dorsal view; C, ventral view. Scale bar: 10 cm. 
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Fig. 8. — Juvénile mandible (ACA-337). profile. Scale bar: 10 cm. 

Third phalanges 

Both the anterior and posterior third phalanges 

are very wide (Fig. 16B, C); thc sole is nearly Hat 

(Fig. 15D, F), while ir is well cxcavatcd in 

H. cf. longipes (Fig. 15B). în a latéral view, thc 

sole appears convex (Fig. 15C, F) and ihc pha- 

lanx rocks on a horizontal plane, while it is stable 

in H. cF longipes 15A). The general shape is 

reminescent of Anchitherinm (Fig. I 5G, H). 

Possibly the robust hipparion ot Çalca, or at leasr 

its front toot, was siibunguligrade like 

Anchitheriurn, wich a large surface of contact 

with the ground. This featurc may bc of funaio- 

nal significanacc fot walldng on soft ground. 

The conjunction of ail these particiilarities leads 

us to propose a new spécifie name for the robust 

hipparion of Çalta. 

Hipparion heintzi n.sp. 

(Fig. I3A) 

HOLOTiTE. — Righi McIII  of the central digit 

(ACA-49a)> associated with the entire Mcll  

(ACA-l49c) and rhe proximal part of the McIV 

(ACA-49b). Collections of the Laboratoire de 

Paléontologie, MNFiN, Paris. 

Paratype. — Third anterior phalanx of the cen¬ 

tral digit (ACA-125; Fig. 16C) 

DerIVATJO NOMINTS. — In honour of Emile 

Heintz as a friendly tribute to his work on 

Ncogene Mammals in general, and to his excava¬ 

tions at Çalta in particular. 

TypI: j.oCALrn; — Çalta, Turkey. 

Age. — Ruscinian. 

Distribution. — Turkey. 

DlAGNOSlS. — Large and robust hipparion, 

about thc size oi' H. primigenitm of Howenegg 

and H. bmchypm of Pikermi. Merapodials wide, 

fiai, and exrremely shorr relative to the radii and 

tibtae. First phalanges of the central digit robust 

bue long relative to the metapodials, radii, and 

ribiae. Third anterior phalanges cxtremely wide, 

fiai, and rocking on a horizontal plane, possibly 

subunguligrade. The fifth nietacarpals are fused 

(or at least tend to be lused) with thé fourth. If  

the skulls do belong to the sanie species, 

H. heintzi had no preorbital fossa, very high 
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Fig. 9. — A, left P3 or P4 (ACA-258), vestibular view; B. right 
Ml or M2 (ACA-72), vestibular. Scale bar: 2 cm. 

orbits, and a vvell-developed nasal cavity. The 

length of ilie check teeih was abour 160 mm. 

The posi-orbiial proce.ss vvas vcry rhick (at least 

it is so on thc skull ACA-337). I lie hori/onral 

ramus ot rhc mandible was high. 

COMPAKISUNN 

Large and ixjl'u.sl liipparlons vvith wide and fiat 

diaphyses are known in tlie Vallesian and the 

Turolian (Eisenmann 1995), as wcll as in the 

Pliocène (Eisenmann & vSondaar 1989). The 

Vallesian H. [jnmlgeiiium and the Turolian 

H. bnuhypth need not be dicusscd because rhey 

had wcll-devclopcd prcorbital ft»ssae svhile thc 

fossa is lacking in the skulls mterred lo //. heint- 

zi. Thcte is no definitive information about ihe 

facial area in H. tchitoicHm but Zhegallo (1978: 

90) supposes thc pieorbical fossa was présent, 

bccause of ihç association of what hc believes lo 

be funcrionally rclaced characters; ,u ail evenrs, 

the fossa is présent in H iuspemtunu a probably 

close adative oi //. tclncokum (Qiii et ai 1988) 

or may bc even a synonyni (Forscen 1992). 

Anj'way, H. tchicniciim is clearly different trom 

the Çalta roi'uist form: //. tchicon'pin has a very 

shallow mandible. and reduced cnps, or no cups 

at ail, on the lower incisons (Qin et ûi 1987, 

fig. 29; Eisenmann 1998). The remaining eptes- 

tion therefore is whether the robust hipparion of 

Çaica may, or may noc, bc a close relative or 

maybe even nniy a siibspccics of H. crassum 

(^Mbcrdi Aymar 1995).. 

According to the description.s by Cervai.s (1859) 

and Depérci (1885; 1890) IL crassum is charac- 

teri/.ed by its vcry large si/e, plicaicd upper cheek 

teeth witb rounded protocoites, not plicated 

lower check teetli, lalcrally compressed roots on 

the incisors, and sliort and robust third metapo- 

diaU. A complcmcnrary description oi thc pre- 

scntly available maicrial is in préparation but we 

may alrcady note .sevcral poitiis. 

Tlic skull of H. crassum meniioncd by Depéret 

(1890) and chosen as Icciotype by Forsten 

(1968) was never dcscribcd in detail and secnis 

lost. In particular, ihcrc is no information about 

the occurrence of a preorbital fossa. The only 

measurements given by Depéret are ihe disrance 

berween the prosrhlon and chc posccrior border 

of M3 (325 mm) and the length of rhc upper 

and lower cheek rows (respecrively 170 and 

16d mm). The mu7/le was therefiue about 

155 mm in length, the longcst recorded in bip- 

parions. 

Sevcral fragmenrary rnandibles belonging u> the 

collections of thc Mu.séuni d’Hi.sioire naturelle 

de Lyon could be iound and ivstorcci. Hic cxrre- 

mcly clongated and iiarrüw muz/le points to a 

sciccilvc brow.ser diet (Cisenmami 1998). The 

incisors arc long, straigbt and grooved. very 

mucit like thosc of Aftican ovoivcd hipparions 

(Eisenmann 1985, pl. I). Like in most hippa¬ 

rions, the cups are well-dcveloped and bordered 

by a wavy cnamel. 

The upper cheek teeth hâve ten to thirty-eight 

lossettc plicadons, multiple plis caballin, and 

Fig. 10. — A, left P3 or P4 {ACA-258). section at mid-height; 
B, right Ml or M2 (ACA-72), section at mid-height. Scale bar: 
2 cm. 
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very short and rounded protocones. The sizes ar 

inid crown var)  ̂berween 21 mm (smallest Ml or 

M2) and 29 mm (largcst P3 or P4). An unworn 

premolar is 53 mm hîgh; an unworn molar is 

49 mm high. 

The lower check reerh liave quirc variable enamel 

patterns and degrees of plicaiion. L.ittle worti 

teerh may hâve a nearly caballoid pattern and 

wrinkled fo.'v.'ieries. When rhe leetli are more 

worn (or cuï at mid-crovvJt)  ̂tho cn;nncl is usually 

(but not alw.ays) less wrinkled. Little worn pre- 

molars and molars may be up to 54 mm high. 

The mctapodials are rather widc and fiat, 

althoLigh not ail of rhem to the same degree. 

They secm shon relative lo rhc tibiae and to the 

first phalanges. 1 he arijcular facets for the fourth 

carpal and the tourth metacarpal are continuous 

(Fig. 14B). The aitachmcnt areas of rhe interos- 

seous ligaments arc widc. There is an articulât 

facet for the fifih  metacarpal (Fig. I4B) obser¬ 

vable on rwo spécimens, The mctapodials II and 

IV were situated laterally ro the third. 

Of H. cmssufH of l’erpignan, there are two proba- 

bly juvénile third central phalanges. Although the 

rccro-osseoLis apophyses are nor developcd (possi- 

bly becausc of the young age), the general aspect is 

more like in usual hipparions: these phalanges arc 

more stable on a horizontal plane than in 

H. heintzi. Fhe ilrird phalanx illiistraied by 

Depéret (1890, pl. XIX, fig. 10) looks very wide 

(unfortunately, \\x hâve not heen able lo locatc ihe 

phalanges illiisiraied by Depéret on chis plate). 

As already pointed out by Forsten (1968), 

H. cmssum is not unlikc H. fmnngenittm, and rhe 

fossils foLind in 1rs comp;my point also to humid 

condition.s and forest environment (Aymar 1992; 

Aguilar i//. in press). 

Discu.ssion 

The large ovcrall size, the robustness, even the 

upper check tooth morpholog}  ̂are rather simÜar 

in H. cmssum and H. heintzi, The main diffé¬ 

rences arc the larger size of H. hehiîziy its exagge- 

rated tendency to wide and flar merapodials, and 

a relarivcly reduced and subhori/t)mal facet for 

the hamatum, Aetually, the resemblances are very 

Fig. 11. — a. upper lacteal cheok teeth; B, lower lacteal cheek 
teeth (ACA-337). Scale bar: 3 cm. 
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Fig. 12. — Rai*o diagrams ot lengths of R. radii, T. tibiae. Mc. 
third melacarpaJs, Mt, third metalarsals. Phi, first phalanges. 
The correspondtrig data are in table 4. Hadar. H cf. afarense 
(AL 155-6); Çalta H. hdintzi] Hôwenegg. H. primigenium: 
PlkermL H brachypus. 

puzzling in face of the radically different envi¬ 

ronment evidenced by the associatcd fauna. 

One of rhe striking characters of H. heintzi is the 

shortness of the mctacarpals rclatively to the 

radii. When thèse lengths are ploucd for several 

hipparions together with the corresponding 

lengths of mountain and plains zébras (Fig. 17), 

H. herritzf îs ihe onlv hippanon to corne close to 

the mountain zébra (there .are no data for the 

radius Icngth ol H. trûs.unn), \Ve were rempred ro 

consider this feature xs an évidence of adaptation 

to climbing steep slopc.s, as could he ai.so rhe ca.se 

of one “caprn-like’* hovir) (bouvrain,, this volu¬ 

me). The shape of ihe third phalanges is, howe- 

ver, in contradiction with such an interprétation: 

hoove.s are usually narrow in climbing ungiili- 

grades. 

Alrhough the matciial docs not permit quite 

satisfactory comparisons, the shape of the man- 

dible and ul the muzzle were prohably diherent 

in H. cTi/ssitn/ and H. heintzi. //. rmssum had an 

extremely clongated nm/./.le which can be consi- 

dered as bclonging to a browser (F.isenmann 

1998). As inuclï as ean hc seen Iront the juvénile 

mandiblc relêrrcd tu H. hcinizit the muzzle was 

shorter. When juvénile mandibles of the sanie 

âge are compared {ACiA-337, Pp 206, Pp 209), 

the ascending rainus and ihe hori/onral ramiis 

are higher in H- henttzi relative to the lengch 

dP2-Gonion (Table 6). 

BODY WEIGH'l* ES’l'lMAnONS 

After the présent paper was finished, S. Sen 

asked us for measurements of the lower molars of 

Çalta hipparions in order to calculace their body 

iveighrs. The material is very poor or lacking; 

besidc-s, we were .sceptic ahuui ilic reliability of 

ihc technique itself. After sonie discussion, it was 

decided that we vvould estimatc body weights, 

using what tcchnique.s wc con.sidcred to be the 

besi, and compare the resuhs with orher authors 

Works. 

A previous study (Eisenmann & Karchoud 

1982) addressed ilie question of .size corrélation 

herwoen skull and metapodial variables in cquids 

for which one of us (VE) has collectcd and 

publishcd numerous data. On a sumple ol 

138 modem equids, it wxs found thâi the basi- 

craniaJ Icngih is Icss coirclaced with the lengths 

of meupodiaE than with their widths (in parti- 

cular the distal xupra-articular width ol the third 

mctacarpal: MCIO) and depths (in pardcular the 

distal minimal deplh ol the medi;il condyle ol 

the third meracarpal: MCI 3). Tliis can be 

understood intuiiively, since the skull is “.suppor- 

ted” by the sections ol the boncs, not hy their 

lengths. We considcicd to using rhe “section", i.e. 

rhe product of thèse widths and thèse depths 

(MCIO and MC 13) to sec il  the corrélation 

vvould be better, but wc had no tîme to do it. In 

a recenr paper, Alberdi étal. (1995) nsed skeletal 

data and data on weiglits ol different cxcant 

cquids to computc régression lincs and predict 

body weights of fossil species. According ro 

tliem, rhe body weights correlare best with the 

depths of ihe fuse phalanges, and ihc minimal 

depths of the médial condyle ul the third meta- 

carpals (MCI3). It is interesting to note that the 

last onc also corrclates extremely well with the 

hasicranial length (Eisenmann ^ Karchoud 

1982). 

The problem of body weighe correlvition.s with 

skeletal varl.-îbles i.s, howev'cr, very difficulr  hccause 

of the pour information on body weights. 

Individual weights ol animais to which the .skele- 

tons availahie in osteological collections bclonged 

are. in general, not rccorded. Thé published “ave¬ 

rage'” data on livc animais may be given îepar- 

ately for males and females, or lumped. The size 
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Rg. 13. — A-H. H. heintzl, A. metacarpal III  (ACA-49A), ventral view; B. talus (ACA-65), ventral view; C. metatarsal III  {ACA-52), 
ventral view;. D. firsi anierior phalanx of the central digit {ACA-106). dorsal view; E. firsl posterior phalanx of the central digit 
(ACA-122). dorsal view; F, second phalanx of the central digit (ACA-n3). dorsal view Posterior of H. he/nfr/or anterior of H. cf hn- 
gipes ? G. firat anterior phalanx of the central digit {ACA-78). dorsal view: H. second anterior phalanx of the central digit (ACA-81). 
dorsal view. Scale bar: .5 cm. 

of the sample and the range of variation niay bc 
not known. Moreover, some publlshcd data may 
be incorrect, Thus a weight ot 40() kg for the 
extinct quagga is very probably excessive: quag- 
gas and plains /.ebras skeleions and skulls are 
about thesame .si/c; if plains zébras vvtigtli  about 
235 kg (Alberdi et al, I995; see aiso Kingdon 
1979), quaggas could not vvcigb ncarly the 
double. One should also consider with caution 
the value of 350 kg u.sed tor Pr/ewalski s horses 
(Alberdi et al. 1995). The most reliable data on 

body weight of Przewalski’s horses are those 
recorded for members of the first and second 
génération at Askania Nova: three adult males 
weighed 27S-297.2 kg; one male, three years old, 
vveighed 2h0 kg, atul rwo adiili fcmales weighed 
240 and 280 kg (Groves 1994). Wc hâve contac- 
red I9r Zimmermann, a .specialisi ol Pr/ewalskis 
hor.ses (Zoologîcal Ciardcn ol Koln, Gcrmany) 
who confirmed thac, according to her data, the 
average weight of PrzcwaUkPs hofses was about 
275 kg, not 350 kg. 
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G H 

Fig. 15. — H. Cf. longipes, third posterior (?) phalanx ot the cen¬ 
tral dlgit (ACA-87), A profile; B, ariicular view: H. heintzi, third 
posterior phalanx of the central digit, ACA 89 C. profile D. arti- 

cular view. H. heintzi. third anlerior phalanx ol lhe central digit 
(ACA'125); E. profile; F. articular view. Anchitherium aurelianen- 
se, Sansan, third anterior phalanx of lhe central digit (Sa4997): 

G. profile; H. articular view. Scale bar; 5 cm, 

tain zcbras, wc liavc used only the data on the 

suhspccics t', zébra hartmannae (which is larger 

chan £. zébra zébra). 

l’IS riMATIONS (^1- BüDY Wl-.ICHT BAShl) ON THK 

rUÏRI) MKfAi  \HVMS 

Dispersion oj weis^bt aersm distal depth of 

MeflKMClS) 

Sincc rhc data arc vciy .scanty, vve did not calcula- 

te rcgrc.'ision Unes but just plortcd out values 

(F*ig. 18) As can bc scen, similar weights (around 

140 kg) may be found in animais with different 

Fig. 14. — A. H. heintzi. metacarpals IL lll.  IV. and V {ACA-257). 

proximal view; B, H. crassum, metacarpals II, lll,  and IV 
(PER 48). proximal view. Scale bar: 1 cm. 

In spite of ail these difficulties, \ve tried to see 

what could be donc with the information at our 

disposai rhar we judged reliable {l'able 15). Data 

on body weights of individual domestic horses 

and donkeys were found in che collections of the 

Institut fiir  Haustierkunde of Kiel (Germany), 

and of che Comparative Anatomy Laboratory, 

Paris (France). For IVzcwalskts horsess we accep- 

ted an average body weighc of 275 kg (Groves 

1994; Zimmermann pers. com.), Body wciglus 

of Hartmanns zébras corne froni Joubert (1974) 

and Penzhnrn (1988). Kirtgdon (1979) reports 

body vveiglns of plains zebra.s and Grevys /ebras. 

The maximum wetghl of the l\>it(ju dotikeys was 

taken from Audiot (1977). Data on skull.s, mcia- 

podials, and recth arc oui own (most of thcni 

published in F.isenmann 1979  ̂1980). For 

Przewalski's horses. we bave taken carc to use 

only the osteological matcrial ol old collections 

(mostly St Petersburg and Moscow). For moun- 
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Hipparion trom Çalta 

values of MC'l3: 19.5 to 11 mm. On thc other 

hand, simllar values of MCI ^ (berween 28 and 

28.5 mm) may correspond to (.|uire different 

body wei^hts: 207 kg for a donkey (Kiel 

No. 1395), 263 kg For a domesiic lu>rse (Kiel 

No. 131431), 275 kg for an average Frzewalskis 

horse, 343 kg (maximum for Hanmanns zébras), 

and 400 kg for an average Grévy's /ebra. Note 

that the domcstic horse plots close to ihc average 

Frzewalki's liorsc. 

Scatter diagmw of weîght versus product of distal 

depth of^4clIl iMCl3) by distal tvidth (MCIO) 

l’hc values for domescic horses and donkeys are 

better aligned (Fig. 19) but the wtde range of 

variation discussed above stÜl exisrs for values of 

the product compriscd between 1200 and 

1300 square millimccers. h looks as if  donkeys, 

horses, and plains zébras were on a line with a 

smaller intcrcept than the Unes of Harrmann’s 

and Grévy's /ebras 

One pos.sible reason may lie in thc dilTerent sizes 

of the skulls. Indeed, values o( 28-28.5 mm of 

thc distal depth of the mcdial condyle (MCI3) 

correspond to basilar Icngrhs of: 452 mm in rhe 

donkey, 492 mrn in the domcstic horse, an ave¬ 

rage of 487 mm in eleven Fr/e\valski’s horses, a 

maximum ol 510 mm in lorty-.six Hartmann’s 

zehras, antl an average of 532 mm in fifiy-one 

Grévy's zehras ffable 15). Although ihis parlicu- 

lar explanation (skull size) may be incorrect, or 

play a mintir rôle, il is clcar that body weighe 

estimation.s cannol bc accuratc if they takc into 

accounc only one parameter, becausc one para- 

mercr does nor reflect the whole anatomical spe- 

cificity of a taxon. 

Cornputed }x^essions 

Alberdi et al. (1995) have publishcd cablc.s of 

corrélation between weights and skulh teeth and 

limb bonc measuremetus in modem equid spe- 

cies, and given corresponding équations for pre- 

dicting body weights. According to them, one of 

the best predictors is a distal deprh of rhe tbird 

nictacarpal: 9.39% for rhe Standard Error of rhe 

F>stimaie- Their compuiarinns wcrc performed 

on natural logarithmic values (Ln). 

Following thc advicc of Lcslîc Marcus, vvc have 

tested thc équations proposed by Alberdi et al. 

Fig. 16. — A. H. d. bngipes, !hjrd posterior (?) phalanx of the 

central digit {ACA-87). dorsal view; B. C, H. heintzi. B, third pos* 
lerior phalanx of the centrai digit (ACA-89), dorsal view: C. third 
antenor phalanx of the central digit {ACA*125). dorsal view. 

Scale bar; 3 cm. 
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Fig. 17. — Scatter diagram of third metacarpal and radius 
lengths in equids. In îhe mountain zébras, the metacarpal is 

shorter relative to the radius than in the plains zébras. H. heintzi 
is the only "robust" hipparion to plot close to the mountain 
zébras. 

(1995) on the means calculated with the data in 

our table 15 and on the maximal values for the 

Poitou donkeys, ft is intercsting to note 

(Table 16) rhat the best estimations are not 

alvvays obtained with the sanie variables: MC 10 

gives Icss errors for Przcwalskis horsc.s, donkeys, 

and Hartmanns zébras: MC'13 gives better esti¬ 

mâtes for the orher torms. T hc weight of 

Przewalski^s horses is norably overesrimated (23-3 

and 37-'^% error). lhe percentage of error loi 

the wcîghi of the Poitou donkev is small with 

MCIO (7.6%) large with MC13 (36.3%). 

Using the same data. \vc bave aiso computed new 

slopCvS and intercrepts for three metacarpal 

variables. The équations are; 

Ln of the weigbt = 

- 5.768 + 3.011 (Ln MCIO). R = 0.94 

Ln of the weight = 

-3.152 + 2.665 (Ln MC13). R = 0,92 

Ln of the weight = 

— 4.525 + 1.434 (Ln of the product of MCIO by 

MC13). R=0.94 

The corrélation is better for MCIO and its pro¬ 

duct by MC13, than for MC13. As could be 

expected, since the animais tested were aIso used 

to compute slopes and inccrcepts, our error per- 

tenrages are less than those obeained with 

Alberdi étal. (1905) équations (Table 16); For 

the product ol MClO by MC13, the errors are 

intermediaie lietween errors for MCIO and 

errors for MCI3. Tins product docs better only 

for rhe weight ol small donkeys (overestimated 

by MC13. and underestimated by MCIO). 

It is more initre.sting to rtmark lhat, whaiever 

the cquaiitnrs used, the weigin ol Crévy-s zébras 

is ovcrcsiitnatcd. wliile ihe weight of Przevvalski’s 

horses is underestimated. As noted above for rhe 

diagxams of dispersion, the icgrcssion lines of 

thèse two forms differ probably by the inrcrcepts; 

the | egrcssion computed for ail equids rogelher is 

3 compromise: it cannoc provide correct prédic¬ 

tions for every s'pccies. 

IISTIM.M'IONS OF Rom' WKIO.HT BASED C^N l'HE 

llllRO Mi TAlARSALS 

On the whole, the observations made for third 

mctacarpals arc valid for third metatarsals. 

I hc équations computed with our data are: 

Ln of the weight = 

-4.362 4 2,634 (Ln MTlO). R = 0.93 

Ln of rhe weight = 

-4.552 + 3.100 (Ln MT13). R = 0.94 

Ln of the weight = 

4.585 ( 1.443 (Ln of the product of MTlO by 

MT13). R = 0.94 

Error pcrccntages are compared in table 16. 

Es i LVIAI  U^NS RASED ON A l'OO l H 

Using tbc surfice of an F.cjuus tooth |occlusal 

length (Ol) multipiied by occlusal breadth (Ob)| 

to predict weight seems an eiiterprise doomed to 

give approximation.s sueb as ‘4t i.s a small horse’', 

ur ^'it is a big borse". Tlieie are inany reason.s for 

lhat. First therc is ibe mauer of lootb wear, 

which reduces- the occlusal surface; then the tcch* 

nie of measLirc (wirh or wiihout cernent); chen 

the individual intraspecific variation which is 

much bigger for reerh than for limb bones. 

Moreover, somc equids are microdont, and 

others macrodont. For example, the index of the 
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Fig. 18. — Scatter diagram of the body weight versus the distal minimal médial depth of the third metacarpal (MC13). 

Fig. 19. — Scatter diagram of the body weight versus the product of the distal maximal supra-articular breadth (MC10) by the d 

minimal médial depth of the third metacarpal (MCI3). 
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Rg. 20. — Scatter diagram of the body weight versus the ocdusal surface of the upper M1. 

occlusal surface of Ml to the product MCIO x 

MC 13 is 54% in Przewalski’s horses> but less 

than 50% in Grc\y s zébras. 

Scatter diagram of Weight vs occlusal surface of 

upper M1 

As coulcl be expected, and as can be seen on figu¬ 

re 20, htïrses rend ro hâve relatively bigger occlu¬ 

sal surfaces than Crévy’s zébras. Ail  the points 

are, however, quitc scattered. 

Computed regtessions 

As noted by Alberdi et al. (1995)» dental 

variables are not very good co prcdici body mass. 

We hâve coniparcd the percentages of error in 

the sanie ways a.s for the metapodial variable.s 

(Table 16). üsing the équation of Alberdi et ai 

(1995), weiglus arc quite ovcrcstiniared for 

horses and donkeys. 

The équation computed with the nieans calcula- 

ted on the data of table 15, and on the maximal 

values lor the Poitou donkeys is: 

Ln of the vveight = 

— 6.388 + 1.873 (Ln surface Ml). R = 0.82 

It tends to overestimate the weights of horses 

(because they are relatively macrodont), and 

underesrimatc the weights of the (relatively 

niicrodoiu) zébras (Table 16). 

Althougji there exists a corrélation (R = 0.82) 

berween the occlusal surface of the upper Ml  

and the body vveight, it does not gram an accep¬ 

table estimation of the larrer. 

EsTIXtATlDNS IN THE HIPPARIONS OF ÇaLTA AND 

PAVaODAK (Fig. 21) 
For H. heintzi, the techniques based on the 

metacarpal and metatarsnl variables, whatever the 

équations used, give estimations cornpriscd bet- 

ween 30fl and 360 kg. When (he estimations are 

donc from the surface ol the MI, values ol 240 

to 280 kg arc foiind. According to the index of 

the occlusal surface of Ail  to the product 

MCIO X A1Cl3t vvhicli is Icss than ^j3%, 

H. heifitzi is quitc microdonr. so naturallv the 

weight will  he underestimared using toolh .size as 

predictor. Fur H. heiutzi, the body vveight is pro- 

bably bercer estimated by the metapodial 

variables. 
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For H. cf. tongipes of Çalra, using die metatarsal 

équation?, (there are no tecrh and no distal meta- 

carpals), the esrimated weights range trom 212 ro 

323 kg. H. cf. Itmgipes dillers froni ;ill  the equids 

used to computc thcsc équations by a very nar- 

row and ver)' deep dislal MtJIl. Conseqiiently 

the équations b.ased on M’i  lO givc niuch smaller 

estimations than those based on M'I'13. In tlii.s 

case, it is probably safer to use the product ot 

M F 10 by Ml’]  3 and estimare the weight at 

about 256 kg. 

More problems arisc in ihc case of H. hffigipes of 

Pavlodar. Wc bave no data on the size of ils teeih 

other than iho.se published by Gromova (1952) 

who bas probably included the cernent jn hcr 

rneasurements. If  we u$e these data, H. longipcs 

appears extremely macrodont: the indices of the 

occlusal surface of Ml to the produci.s 

MC-MTlO X MC'MT13 are more than 66%. 

Accordingly, weights estimated on the Ml surfa¬ 

ce range from 331 to 457 kg (more than for 

//. hemtzi!)  ̂On che other hand, weights estima- 

red on MCIÜ and MT 10 range only from 158 

to 221 kg. Using the products of 

MClO X MC13 and M l 10 X MT13 gives a 

(probably not too bad) weight estiniate of 

2UW22 kg. 

CONCI.USION.S 

Diftercnt iorms of Equiis are nol consrrucred in 

the same way: sorne hâve big head-s, some hâve 

wide or deep bones, some have small teeth. 

Equations computed on any variable, for ail 

forms of Equus, will  resulr in compromises: the 

weights of sortie species will  be correctly estima¬ 

ted, che weights of other spedes will  bc over- or 

underestimated. In practice, the tooth surface is 

ainong the worse parameters to predict hody 

weight. Estimations based on limb bones widths 

and/or depths are more reliable. In some cases, it 
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may hc safcr to combine widih and depeh (using 

their product). In H. longifm for cxample, meta* 

podiaJs are excremcly narrow and deep; .such 

morphologies, unknown in modem EquuSy could 

not be consiclered when computing the équa¬ 

tions. Thus ihe Equia équations gtve fanrasüc 

indications tor the weighi ot ihis hipparion; 158 

or 177 kg according lo the width of the Mclll;  

263 or 296 kg using the depeh ot the saine bone. 

Tentativelv, \vc propose weights of 300-350 kg 

for H, hchitzu 250-260 kg for H. cf longipcs of 

Çalta> and 210-220 kg for U. longipes of 

Pavlodar. 

As always, the mosl difficult  part of dre work is to 

find reliable data. One rnust constantlv be nwarc 

chat the use of statisiical équations caniiol itnpro- 

ve poor and rare dara. Confidence in the results 

should be more proporritmal to the quality of the 

data, than to the sophistication of the merhods. 

CONCLUSIONS 

The rodents of Çalra (Sen 1977) beat evidence of 

a steppe environment. The presence o{Pliospalûx 

(16% of the rodents) and the high tiumber of tlic 

gerbillinc Pseud-omerioues abbreviatus tchaltaerfus 

(56.8% of chc rodents) arc reniarkable in rhis 

aspect. ITie low spécifie diversic}’ of the fnma 

(but there are two cquids) suggcscs an a|so 

somewhac isolated biotope, Both are well in 

accord with the géographie situation of Çalta 

(Central Anatolia) and the altitude (more than 

1000 m, probably chc siurie now and during che 

Pliocène), Both are ar the opposite of whac we 

know of Perpignan whiçh is located near the 

Mediterranean and yielded a diversified fauna 

(but with onc cquid only) bclonging in a forest 

environment. 

During the Pliocène, Old World hipparions 

bccomc rare in comparison with orher large her- 

bivoroLis ungulates like bovids and cervids (Sen 

et ai 1978), They also show extrême spccializa* 

tions: dolichopodia! and slcndcr hipparions like 

H. cf. elegiim at La Gloria 4 (Lîscnmann &: Mcin 

1996) and H. fissurae at Layna (Crusafont 

Sondaar 1971) or brachypodial and robust forms 

like H. crassum at Perpignan. The dolichopodial 

and slender forms are found in arid contexts, 

whilc H. crassum is part of a humid launa. What 

is unique ahour Çalra, is the occurrence oi a bra¬ 

chypodial and robust hipparion in an arid 

coneexr. Surprisingly enough, the robust 

H. beinîzi is even more ahundanr than the slen- 

der /y. cf longipes, 

Wc tenratively propose thar //. heintzi was a 

subungiiligradc walking on a soit soil. The 

occurrence and abundance ol Pteudomeriones 'mà 

PliospaUix (blirrowing species) are coasistent with 

rhis hypothesis. The fraginentary skulls referred 

to H. heintzi may bave borne nasal specializa- 

tions (like what may be found in camel.s and sai- 

gas) consistent with an arid climate. But we are 

fully awaïc thaï pur interprétation would have 

been quitc different in othei contexts. Had wc 

not had the cxtrcmcly widc third phalanges at 

our disposai, wc would have interprêted the 

shoriness of the metapodials relative to the proxi¬ 

mal limb bones as an adaptation for climfiing. 

Had che rest pf the fauna not been so cicaiiy 

steppic, we would bave taken the robustness of 

rhe mevapodials as évidence of a humid climate. 

Insicle the sârne genus, different species frequenr- 

ly associate similar characrers in difterent ways 

(Lisenmann & Mein 1996; Forsten 1997; 

Eisenmann 1998). A species may be rccognized 

bv its own, peculiar, mosaïc ot characters but 

cach character raken separately is not diagnostic 

of the species. At most, an isolated character may 

give an ecological hint, aUhough somc of the 

classicaily aevepred "hints”^ do nor scem to fit  

with what we suppose about Çalta: such Is the 

case of the rohustne.ss of the boncs and the high 

degrce of enamel plication of H. heintzi rhat are 

nsually considered as tokens of humidity. 
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APPENDIX 

MEASUREMENTS AND STATISTICS 

Table 1. — H. longipes (Pavlodar; PIN 2346-6867 and PIN 2413-5030) and H. et. longipes {Çalta, ACA), third metacarpal and third 
metatarsals, measurements in millimeters. Estimated dimensions between brackets. 

Mclll  or Mtlll  Mclll  Mclll  Mtlll  Mtlll  Mtlll  Mtlll  
ACA-56 Pavlodar Pavlodar ACA-214 ACA-209 ACA-55 juv 

Maximal length 255.0 300.0 318-0 
Minimal breadth 29.0 27-0 28.5 29.5 28.3 24.0 
Depth at the same level 27.3 26.0 30.0 30.0 27.0 24.0 
Proximal arlicular breadth [44.5] 42.0 46.0 42.0 42.0 
Proximal arlicular depth [32] 28.0 35.0 35.0 
Distal maximal supra-articular breadth 37.0 39.0 40.0 
Distal maximal arlicular breadth 36.9 39.0 [37] 
Distal maximal depth of the keel 29.5 33.0 [34] 
Dist. min. depth o1 the médial condyie 26.7 26.0 28.0 
Dist. maximal depth of med. condyie 27.5 30.0 31.0 
Diameter facet 3rd carpal or tarsal 38.5 36.0 39.0 40.0 39.0 
Diameter facet 4th carpal or tarsal 11.5 11.0 11.0 11.0 

Table 2. — H. cf. longipes from Karaburun (Slq) and Çalta (ACA): first, second and third phalanges of the central digit, measure¬ 
ments in millimeters. Estimated dimensions between brackets. tuber., tuberosities. 

Phi 
ACA-82 

Phi 
ACA-124 

Phi 
Slq 1915 

Phll 
ACA-84 

Phlll 
ACA-87 

Maximal length 75.0 74.0 48.0 56.0 
Anterior length 37.5 53.5 
Maximal breadth 64.0 
Minimal breadth 29.0 26.9 36.5 
Proximal breadth [40] 43.0 39.1 42.5 
Proximal depth [34] 32.0 33.8 29.0 
Distal breadth at tuber. [33] 42.0 
Distal articuler breadth [34] 32.0 24.0 
Distal articular depth 19.0 
Articuler breadth 39.0 
Articular depth 24.0 
Circumference 145.0 
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Table 3. — H. cf. longipes of Çalta and H. longipesoi Pavlodar. Tali. measurements in millimeters. Max., maximal; diam., diameter. 
The measurements for H. longipes of Pavlodar are average on 9 specimens (Gromova 1952). The first one is not exactiy the same 
(médial height in Gromova). 

Tali ACA-259 ACA-63 ACA-92 H. longipes 

Maximal length 65.0 62.5 65.0 [61.1] 
Max. diam. médial condyle 63.0 64.0 61.5 
Maximal breadth 52.0 58.0 55.0 55.9 
Breadth of trochiea 25.7 25.0 26.5 
Distal articular breadth 45.2 50.0 48.0 45.5 
Distal articular depth 40.0 41.0 37.0 34.5 
Maximal médial depth 52.0 52.5 49.0 49.1 

Table 4. — Lengths in millimeters of humeri (H), femora (F), radii (R), tibiae (T), third metacarpals (Mc), third metatarsals (Mt). first 
phalanges (anterior and posterior) of the central digit (Phi). For the femora of hipparions, the lengîh is from caput femoris to latéral 
condyle. For the oîher limb bones. the lengths are maximal. Maximal breadth of the third anterior phalanx of the central digit (Phlll). 
n. number of specimens. 

H n F n R n T n 

E. hemionus onager 241.3 10 329.7 10 293.5 10 313.0 10 
H. longipes Pavlodar 335.0 1 304.0 1 378.0 1 
H. fissurae Layna 340.0 1 
H. elegans Pavlodar 213.0 2 242.2 5 307.5 2 
H. heintzi Çalta 274.7 3 387.0 2 297.3 7 375.0 1 
H. primigenium Hdwenegg 275.0 3 378.3 3 287.5 2 367.5 4 
H. brachypus Pikermi 268.0 1 342.0 1 290.0 2 355.0 2 
H. afarense ? Hadar: AL 155-6 281.0 1 332.5 1 392.5 1 

Mc n Mt n Phi n Phlll n 

E. hemionus onager 214.1 10 250.8 10 73.8 20 54.0 8 
H. longipes Pavlodar 252.0 2 305.3 3 68.5 3 
H. cf. longipes Çalta 318.0 1 75.0 1 
H. cf. longipes Karaburun 302.0 1 74,0 1 
H. fissurae Layna 250.0 1 288.0 1 67.0 2 
H. elegans Pavlodar 198.3 35 232.2 50 56.4 34 54.0 2 
H. heintzi Calta 200.4 7 234.7 7 67.6 11 76.0 1 
H. primigenium Hôwenegg 214.0 3 245.0 3 65.1 6 64.5 2 
H. brachypus Pikermi 211.8 45 246.8 53 63.2 8 
H. afarense ? Hadar: AL 155-6 267.0 1 296.0 1 72.8 2 82.0 1 
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Table 5. — Skulls: measurements in millimeters. Estimated dimensions between brackets. Ant-post., antero-posterior; Dors-ventr., 
dorso-ventral; For. infraorb.. foramen infraorbitale; alveol.. alveolar. 

Skulls Ankara ACA-336 ACA-337 

P2 to orbit 158 [190] 
Palatal length [125] 110 
Vomerine length 104 
Premolar length [85] 105 102 
Molar length [71] [82] 
Cheek teeth length [157] 
Choanal length [74] 61 
Minimal choanal width 31 
Maximal choanal width [42] 37 
Palatal width [70] 70 75 
Length of temporal fossa 58 
Frontal width 225 
Bizygomatic width 206 
Basioccipital width [115] 
Posterior ocular line [180] 
Height of auditive meatus 13 
Ant-post. orbital diameter 52 
Dors-vent. orbital diameter 47 
For. infraorb. to alveol. border 50 [60] 

Table 6. — Mandibles; measurements in millimeters. Estimated dimensions between brackets. 

Mandibles H. heintzi 
ACA-337 
dP2-{M2) 
Çalta 

H. crassum 
Pp 206 
dP2-(M2) 
Perpignan 

H. crassum 
Pp 209 
dP2-{M2) 
Perpignan 

H. crassum 
Pp 210 
P2-M2 
Perpignan 

Maximal length 410.0 
Length Gonion-lnfradentale 390.0 
Length P2-Gonion 272.0 290.0 290.0 
Height at the condyle 230.0 210.0 245.0 
Height at the coronoïd 265.0 
Height at incisura mandibul. 215.0 216.0 195.0 230.0 
Breadth of ascending ramus 122.0 130.0 135.0 
Height under Ml  77.0 74.0 73.0 80.0 
Height between P4 et Ml  75.0 71.0 69.0 78.0 
Height under P4 75.0 69.0 69.5 76.0 
Height under P3 73.0 68.0 65.0 
Height in front of P2 61.0 54.5 59.0 55.0 
Length of symphysis 87.0 
Muzzle length [115] 
Diastema P2-I3 67.0 
Alveolar premolar length 97.0 95.0 95.0 90.0 
Min. breadth of symphysis 41.0 45.5 
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Table 7. — Humeri: measurements in millimeters. Estimated dimensions between brackets. 

Humérus ACA-101 ACA-102 ACA-100 ACA-94 ACA-96 ACA-95 ACA-97 ACA-99 

Maximal length [280] 262.0 [282] 
Maximal length from caput 265.0 248.0 
Minimal breadth 35.5 34.0 35.0 36.0 35.0 37.5 
Depth at ihe same level 42.0 45.0 46.0 46.0 42.0 48.0 
Prox. deplh at médian tubercule [100] [105] 
Maximal breadth o1 trochlea 77.0 75.0 76.0 80.0 78.0 76.0 73.0 82.0 
Maximai distal depth [85] 
Maximal trochlear height (médial) 48.0 51.0 50.0 50.0 
Minimal trochlear height [38] 35.6 40.0 34.0 31.0 39.0 
Trochlear height at sagittal crest 47.0 43.0 47.3 40.5 38.0 45.0 

Table 8. ~ Radii: measurements in millimeters. Estimated dimensions between brackets. 

Radius ACA-229 ACA-47 ACA-230 ACA-57 ACA-104 

Maximal length 306.0 286.0 300.0 302.0 307.0 
Médial length 282.0 273.0 281.0 274.0 286.0 
Minimal breadth 42.0 [45] 45.0 45.0 
Depth at mid-diaphysis 26.0 [31] 30.0 28.0 
Proximal maximal breadth 79.0 78.0 76.0 
Proximal articular breadtti 74.0 76.5 74.0 
Proximal articular deplh 42.0 [39] [36] 41.0 
Distal maximal breadth 75.0 70.0 69.0 72.0 
Distal articular breadth 58.0 60.5 64.0 
Distal articular depth 40.0 38.0 40.0 38.0 
Breadth radial condyle 26.0 25.0 26.0 28.0 
Breadth ulnar condyle 13.5 13.0 14.5 

Radius ACA-107 ACA-105 ACA-108 ACA-148 j 

Maximal length 307.0 273.0 
Médial length 287.0 261.0 
Minimal breadth 43.0 44.0 
Depth at mid-dlaphysis 34.5 27.5 
Proximal maximal breadth [83] 
Proximal articular breadth 76.0 
Proximal articular depth 43.0 40.0 
Distal maximal breadth 75.0 71.0 
Distal articular breadth 65.0 65.0 59.0 
Distal articular deplh 37.0 36.5 
Breadth radial condyle [25] 26.5 29.0 23.0 
Breadth ulnar condyle 15.0 15.0 15.0 15.0 
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Table 9. — Femora: measurements in millimeters. Esiimated dimensions between brackets. 

Fémur ACA-236 ACA-103 ACA-109 ACA-117 

Length from caput to latéral condyle 384.0 390.0 
Minimal breadth 39.0 35.0 40.0 
Depth at the same level 50.0 50.0 48.5 
Maximal diameter of caput 57.0 58.5 
Maximal distal depth more than 101 more than 105 

Table 10. — Tibiae: measurements in millimeters. Estimated dimensions between brackets. \, juvénile. 

Tibia ACA-115 ACA-59 ACA-151 ACA-112a ACA-208 

Maximal length 382.0 
Médial length 361.0 
Minimal breadth 47.0 45.5 44.0 43.0 42.0 
Depth at same level 36.0 30.0 31.5 30.5 30.3 
Distal maximal breadth [76] 74.0 79.0 71.0 
Distal maximal depth [49] 50.0 46.0 48.0 
Length of fossa digitalis 58.0 
Breadth of fossa digitalis 19.0 

Tibia ACA-231 ACA-60 ACA-116 j ACA-58 i 

Maximal length 
Médial length 
Minimal breadth 44.0 41.0 38.0 
Depth at same level 32.0 31.0 32.0 27.0 
Distal maximal breadth 77.0 71.0 
Distal maximal depth 
Length of fossa digitalis 
Breadth of fossa digitalis 

48.0 46.5 

Table 11. — Tali: measurements in millimeters. Estimated dimensions between brackets. 

Talus ACA-62 ACA-65 ACA-64 ACA-66 ACA-61 ACA-112b 

Maximal length 56.5 59.0 63.0 55.5 62,0 58.0 
Max. diam. médial condÿle 60.0 63.0 65.1 [57] 61.5 61.0 
Maximal breadth 63.0 64.0 66.0 60.0 60.5 63.0 
Breadth of irochlea 30,0 30.5 30.0 30.0 30.0 31.0 
Distal articular breadth 50.5 50.3 51 5 49.0 50.0 50.5 
Distal articular depth 39.0 39.0 39 0 [37] 
Maximal mediai aepth 51.0 52.0 54.0 50.0 51.0 50.0 
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Table 12. — Calcanea: measurements in millimeters. Estimated dimensions between brackets. j, juvénile. 

Calcanéum ACA-150 ACA-112b ACA-67 ACA-73 ACA-62 ACA-61 j 

Maximal length 115.5 
Length of proximal part 75.0 [72] 
Minimal breadth 24.0 22.0 24.0 23.0 22.0 
Proximal maximal breadth 35.0 
Proximal maximal depth 52.0 54.0 
Distal maximal breadth 59.0 56.0 60.0 55.0 54.0 
Distal maximal depth 53.0 53.0 53.5 54.0 53.0 47.0 

Table 13. — Third metacarpals (Mclll)  and metatarsals (Mtlll);  measurements in millimeters. Estimated dimensions between brac¬ 
kets. art., articular: dist., distal; min., minimal; med., médial, 

Mclll  ACA-237 ACA-4ga ACA-345 ACA-346 ACA-54 ACA-257 ACA-149a ACA-238a 

Maximal length 199.0 208.0 194.0 200.0 200.0 204.0 198.0 
Minimal breadth 31.0 34.0 34.5 36.0 32.5 32.5 33.0 32.0 
Depth at mid-diaphysis 24.0 26.0 24.0 26.8 23.0 24.0 24.0 24.7 
Proximal articular breadth 46.5 50.0 50.0 49.0 47.0 49.0 48.5 
Proximal articular depth 29.5 33.0 32.0 33.0 31.5 34.0 32.0 
Distal maximal supra-art. breadth 44.0 49,4 48.0 45.7 48.5 
Distal maximal articular breadth 48.0 44.8 48.0 [43] 45.0 44.0 
Distal maximal depth ot keel 33.0 35.0 33.0 35.0 32.0 35.0 35.5 
Dist. min. depth of médial condyle 26.5 29.0 26-3 30.0 27.3 28.5 
Dist. maximal depth 
of med. condyle 28.0 30.5 28.0 32.0 29-2 31.0 
Diameter lacet for lhe 3rd carpal 39.0 41.0 41.0 40.0 41.0 
Diameterfacet for the 4lh carpal 14.0 15.0 14.0 15.0 14.0 

Mtlll ACA-347 ACA-52 ACA-51 ACA-121a ACA-53 ACA-48 ACA-50 ACA-112C 

Maximal length 242.0 246.0 233.0 234.0 220.0 238.0 230.0 
Minimal breadth 35.0 33.5 29.0 29.0 33.0 32.0 31.0 31.0 
Depth at mid-diaphysis 31.5 30.0 27.0 28.5 31.0 31.0 28.0 
Proximal articular breadth 50.0 51.0 48.0 49.0 
Proximal articular depth 39.0 39.0 37.0 37.0 
Distal maximal supra-art breadth 49.5 43.0 43.0 
Distal maximal articular breadth 44.0 47.0 42.7 42.7 46.0 
Distal maximal depth of keel 37.0 35.0 32.0 36.0 
Dist. min. depth of médial condyle 30.0 30.0 28.0 25.0 
Dist. maximal depth of med. condyle 33.0 32,0 29.5 30.0 
Diameter lacet for the 3rd tarsal 47.0 47.0 43.5 44.0 44.0 
Diameter lacet fpr the 41h tarsal 12.0 13.0 10,0 11.0 12.0 13.0 
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Table 14. — First, second and third phalanges of the central digit. measurements in millimeters. Estimated dimensions between 
brackets. Ant.. anterior; Post.. posterior: Juv.. juvénile: tuber., tuberosities. 

Phi 
Ant. 

ACA-74 
Ant. 

ACA-78 
Ant. 

ACA-106 
Post. 

ACA-122 
Post. 

ACA-123 

Maximal length 69.0 65.5 71.7 66.0 67.5 
Anterior length 61.0 57.5 66.0 59.5 59.0 
Minimal breadth 34.8 35.0 36.0 34.0 35.0 
Proximal breadth 48.0 50.0 46.0 47.7 
Proximal depth 34.0 33.0 35.7 35.5 35.5 
Distal breadth at tuber. 40.7 41.0 45.0 39.0 39.2 
Distal articular breadth 42.5 42.0 44.8 40.0 
Distal articular depth 24.0 22.0 24.0 22.8 

Phll 
Ant. 

ACA-81 
Ant. 

ACA-260 
Post. ? 

ACA-113 
Post. ? 
ACA-83 

Maximal length 48.0 47.5 45.0 44.0 
Anterior length 39.0 37.0 35.0 35.0 
Minimal breadth 44.0 41.0 40.0 39.0 
Proximal breadth 52.0 52.0 47.0 [45] 
Proximal depth 32.0 31.0 30.0 30.0 
Distal articular breadth 51.0 45.5 43.0 42.0 
Distal articular depth 25.0 24.0 24.0 

Phlll 
Ant. 

ACA-125 
Ant. 

ACA-251 
Post. 

ACA-126 
Post. 

ACA-89 
Post. Juv. 
ACA-88 

Maximal length 59.0 [57] 65.0 61.0 [50] 
Anterior length 60.0 [55] 65.0 63.5 [54] 
Maximal breadth 78.0 76.0 71.5 69.0 58.0 
Articular breadth 52.0 48.0 47.0 45.0 40.0 
Articular depth 25.0 26.5 25.0 25.5 23.5 
Circumference [170] [150] 165.0 150.0 [125] 
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Table 15. — Individual and average data on some size mdicators in equids- Body wetghts in kllograms. Basiiar lengths (Basilar L) 

and other measurements »n millimeters. MCIO. MT10, distal maximal supra-articular dreadth of thinj metacarpals and Ihird meta* 
tarsals; MC13 MT13, distal minimal deplh of lhe médial condyte o( third metacarpals and third metatarsals; Ml OL. occlusal length 
of upper Ml  ; Ml Ob. occlusal breadth of me upper Ml  ; n, number of specimens. 

Weight n MCIO MC13 n MT10 MT13 n 

Donkey, Kiel 9272 98.5 1 29.0 19.0 1 28.7 19.7 1 
Donkey. Kiel 29027 130.3 1 34.5 21.0 1 34.6 22.0 1 
Donkey, Kiel 1395 207.0 1 43.5 28.0 1 43.5 26.8 1 
Donkey, Kiel 1399 138.5 1 37.5 22.0 1 35.5 21.8 1 
Donkey, Kiel 26192 163.5 1 31.0 19.0 1 30.6 21.0 1 
Horse. Kiel 16449 140.0 1 36.0 21.0 1 36.0 21.0 1 
Horse, Kiel 20253 193.0 1 38.0 24.0 1 37.0 22.9 1 
Horse. Kiel 20914 158.0 1 36.0 22.2 1 37.0 22.0 1 
Horse, Kiel 16438 143.0 1 32.0 19.5 1 33.0 20.0 1 
Horse, Kiel 31431 263.0 1 48.0 28.5 1 49.0 29.0 1 
Horse, Kiel 16719 209.0 1 40.0 24.0 1 40.0 24.0 1 
Horse, Kiel 18146 179.0 1 46.0 27.0 1 46.5 28.0 1 
Horse. AC 1937-51 142.0 1 37.0 20.5 1 36.0 20.5 1 
Przewalski. average 274.8 5 46.0 28.6 8 47.6 27.7 7 
Plains zébra, min 175.0 ? 40.0 22.8 26 39.8 23.4 26 
Plains zébra, max 320.0 ? 48.0 29.0 26 47.0 28.0 26 
Hartmann s zébra, min 276.0 ? 41.5 25.0 16 43.0 24.0 16 
Hartmanns z.. average 309.5 7 44.3 26.4 16 44.2 26.1 16 
Hartmann s zébra, max 343.0 ? 46.5 28.0 16 46.0 27.0 16 
Grévy’s zébra, min 352.0 ? 42.6 26.5 21 41.4 26.4 21 
Grévy’s zébra, average 400.0 ? 46.1 28.3 21 46.5 28.2 21 
Grévy’s zébra, max. 450.0 ? 49.5 29.7 21 49.0 30.0 21 
Poitou max. 410.0 ? 50.5 32.5 4-5 49.5 30.9 4-5 
H. heintzi, Çalla 47.1 27.9 5-6 47.0 27.9 5-6 
K et. longipes, Çatta 40.0 28.0 1 
H. longipes, Pavlodar 36.5 26.4 2 39.0 26.0 1 

Basilar L n M1 OL Ml Ob n 

Donkey Kiel 9272 352 1 21.0 22.0 1 
Donkey, Kiel 29027 383 1 21.0 24.0 1 
Donkey. Kiel 1395 452 1 21.0 24.0 1 
Donkey, Kiel 1399 410 1 21.0 24.0 1 
Donkey, Kiel 26192 350 1 20.3 22.3 1 
Horse. Kiel 16449 375 1 24.5 23.5 1 
Horse, Kiel 20253 390 1 19.0 22.0 1 
Horse, Kiel 20914 370 1 21.0 23.0 1 
Horse, Kiel 16430 368 1 22.0 22.0 1 
Horse, Kiel 31431 492 1 27-3 25-1 1 
Horse. Kiel 16719 395 1 21.0 22.7 1 
Horse. Kiel 18146 440 1 23.5 25.0 1 
Horse, AC 1937-51 377 1 22.0 23.0 1 
Przewalski. average 487 11 25.9 27.4 10 
Plains zébra, min. 405 169 18.0 20.7 101 
Plains zébra, max, 486 169 24.5 26.0 101 
Hartmann's zébra, min. 435 46 21.0 23.4 40 
Hartmann’s 2., average 473 46 23.7 25.5 40 
Hartmann's zébra, max 510 46 28.0 27.0 40 
Grévy’s zébra, mîn. 485 51 21.0 24.4 44 
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Basilar L n M1 OL Ml Ob n 

Grévy's zébra, average 532 51 24.8 26.2 44 
Grévy's zébra, max. 560 51 28.0 28.0 44 
Poitou max. 538 5 26.5 28.0 5 
H. heintzi, Çalta 24.5 23.0 1 
H. longipes, Pavlodar 25.8 25.9 10 

Table 16. — Percenîages ol error found when different équations are used to estimate average boby weights of modem Equus from 

average variables. The averages are either aiready printed in table 15. or calculated from data printed in table 15. Alberdi et al., 
paper of 1995, cited in text. MC10, MT10. distal supra-articular breadths of third metacarpals and metatarsals: MC13. MT13, distal 
minimal depths of the médial condyle of thjrd metacarpals and third metatarsals; MC10 x MC13 and MT10 x MT13, products of the 
latter. Surface of Ml. product of occlusal length by occlusal breadth of the upper firsl molar. 

Alberdi étal. 

% error 

MC10 

This paper 
% error 

Alberdi étal. 

% error 

MC13 

This paper 
% error 

This paper 
% error 

MC10X MC13 

Donkeys 7.2 -4.7 11.7 6.9 0.2 
Poitou donkeys 7.6 2.5 36.3 11.6 7.8 
Morses 20.2 9.3 13.3 6.1 6.9 
Przewalski’s horses 23.3 15.4 37.5 18.3 17.0 
plains zébras 20.9 12.2 12.8 0.9 5.8 
Hartmann’s zébras -1.5 -8.5 -4.4 -15.1 -12.2 
Grévy’s zébras -14.7 -20.1 -8.5 -20.9 -20.5 

Surface of M1 

Donkeys 22.7 22.2 
Poitou donkeys 48.8 -2.5 
Horses 28.7 18.1 
Przewalski^s horses 95.5 33.9 
plains zébras -17.9 -21.4 
Hartmann’s zébras 9.5 -12.1 
Grévy’s zébras 4.5 -22.0 

MT10 MT13 MT10X MT13 

Donkeys 10.8 -2.9 31.1 8.1 0.8 
Poitou donkeys 10.6 3.0 25.4 13.5 8.2 
Horses 25.1 11.7 24.3 3.8 7.7 
Przewalski’s horses 32.4 21.6 29.9 13.6 18.0 
plains zébras 16.9 6.0 16.8 0.1 2.9 
Hartmann’s zébras -2.2 -11.1 -2.4 -16.1 -13.5 
Grévy’s zébras -14.1 -21.4 -6.0 -17.4 -19.6 
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